ABSTRACT Studies were conducted to measure the effect of methicillin on the urinary excretion of mercury in rabbits poisoned for three months by mercury vapour. Simultaneously, studies were done to compare the quantity of eliminated mercury after treatment with methicillin or penicillamine (Cuprenil). The results show that the urinary excretion of mercury in animals treated with either drug was clearly greater than in untreated controls. Furthermore, the quantity of eliminated mercury after treatment with methicillin was significantly greater than after treatment with penicillamine.
Mercury poisoning is, after lead poisoning the most frequently encountered type of heavy metal poisoning despite improved work conditions and the isolation of technological processes. One reason for this is the use of mercury in many branches of industry, including the chemical, pharmaceutical, and electrochemical industries, as well as in the production of measuring apparatus and so on.
Metallic mercury enters the body most often in the form of inhaled vapour. It accumulates in the central nervous system and, after prolonged exposure, causes irreversible changes. Neurological, especially cerebral, disturbances predominate in the clinical picture of prolonged mercury poisoning. The treatment of chronic mercury poisoning remains difficult, since so far no effective drug has been found that eliminates or prevents these effects.
There are several drugs with known chelating action with respect to mercury, such as BAL and penicillamine. Their efficacy, however, has been shown only in cases of acute poisoning when administered within a few hours of exposure. In prolonged poisoning the efficacy of these drugs has not been proved and most institutions have stopped using them. Furthermore, these drugs have numerous side effects and are toxic when used in increasing dosage or for a long time.
The use of BAL in the treatment of mercury poisoning decreased after Berlin showed that while BAL caused an increased elimination of mercury in the urine, it also increased the concentration of mercury in the brain.'`3 Other, less toxic compounds were, therefore, tested, such as EDTA, DPTA,4 tioacetic Penicillamine, a synthetic compound with a high complexing activity to metals, has become the drug of choice in the treatment of Wilson's disease.7 It is also used to treat both mercury and lead poisoning.8-1O
The earlier penicillamine is used in the treatment of experimental animals, the greater is the level of mercury eliminated in the urine." Similar results have been seen in man.'0 Numerous side effects, however, have been described with the use of penicillamine such as: agranulocytosis,12 13 nephrotic syndrome,4 14 and biochemical evidence of pyridoxine deficiency.13 15 16 It is thus impossible to use the drug over long periods in prolonged mercury poisoning. In 1970 it was observed that methicillin used to treat a bacterial infection in a patient with mercury poisoning caused an increased elimination of the metal in the urine. Furthermore, as a result of the observation of 15 patients exposed to mercury vapour, the amount of mercury eliminated in the groups treated with either BAL or methicillin was similar. 17 As a result of the experiments cited above I decided to evaluate the chelating activity of methicillin as determined by the amount of excreted mercury in animals with prolonged mercury poisoning that were treated for two weeks with methicillin. Comparative studies were done with mercury poisoned animals treated with penicillamine (Cuprenil).
Materials and methods
Forty outbred rabbits, of both sexes, weighing 612 3-5-4 kg, and about 18 months old were used in these experiments. Their diet consisted of beets, hay, oats, and green fodder.
At the beginning the animals were divided: 10 control rabbits were kept in toxicological chambers but breathed fresh air and 30 animals were poisoned by exposure to mercury vapour in a concentration of 2 mg/m3 air for three hours daily for three months.
Specially constructed toxicological chambers were used for this purpose. The exchange of air in the chambers ensured the complete removal of the metabolic products of the rabbits (CO2, NH3). The temperature was maintained at 21-22°C and the relative humidity was 60-70%. A constant concentration of mercury was obtained by introducing air into glass flasks by means of an electric blower. The air, passing at a constant flow of about 50 1/min, entered a system of tubes, the outlets of which were submerged in the metallic mercury. As the mercury vaporised, it saturated the compressed air passing through it. To maintain a constant level of mercury in the flasks at any given time, the distilling flasks with the mercury were placed in an ultrathermostat which maintained a steady temperature of vaporisation. The mixture of air and mercury was then conducted into the toxicological chambers by a system of tubes and vents. During the experiment the concentration of mercury vapour was measured by the method of Dutkiewicz. '8 After three months the exposure to mercury was stopped. The 30 mercury poisoned animals were divided into three groups, each consisting of 10 animals:
Group 2 was given no treatment. Groups 3 and 4 were given the following treatment daily for 15 days:
Group 3-Methicillin (Chinoin), intramuscular injection of 100mg/kg; this represented 0-23mM/kg body weight.
Group 4-Penicillamine (Cuprenil, Polfa), 68-6mg/kg through a stomach tube; this represented 0-46mM/kg body weight, or twice the dosage of methicillin.
Before the beginning of the experiment, for three consecutive days during the experiment, and on days 1, 2, 3, and 13, 14, 15 after the end of the exposure to mercury, the animals were placed in special metabolic cages and the volume of urine excreted in 24 hours was measured. The concentration of mercury in the urine was measured by the dithizone method.'9 The importance of the results was determined by Student's t test,20 comparing the amount of excreted mercury in untreated poisoned animals (group 2) with the amount excreted by animals treated with either methicillin (group 3) or penicillamine (group 4).
To circumvent the errors that could be made during the daily collection of urine, the concentration of Twardowska-Saucha mercury in the urine was converted into grams creatinine as determined by the method of RehbergFolin." Results All the poisoned animals showed increased salivation, growing apathy, and loss of appetite. During the experiment the animals also experienced loss of hair, increased diuresis, and showed a slight loss of weight.
The excretion of mercury in the urine during the three month experiment in all animals poisoned with mercury was between 31-4 and 613-1 p/g creatinine, with an average of about 320 p/g creatinine. No mercury was found in the urine of the control animals.
The amount of excreted mercury fluctuated during the two weeks after the end of the exposure to mercury depending on the day of observation and the drug used.
In the animals in group 2 the excretion of mercury decreased in the first three days after the end of the exposure to mercury and was between 82 11 and 171 18 (average 120) p/g creatinine. Animals in group 3 excreted about three times as much mercury on the first, second, and third days of treatment as the untreated animals; levels ranged from 268-78 to 376-85 (average 320.0) i/g creatinine.
In animals of group 4 (treated with penicillamine) there was a large increase in the level of mercury excreted on the first day after the beginning of treatment (average about 413 58p/g creatinine) but then decreased dramatically on days 2 and 3, 91-6, 94-5 (average 90) p/g creatinine.
During the second week after exposure to mercury, the level in the untreated animals (group 2) was between 131-28 and 202-46 p/g creatinine. At the same time the animals treated with methicillin excreted 97-85-168-2 u/g creatinine; those treated with penicillamine excreted 131-61-266-3 p/g creatinine (table 1, figure) .
During the six days of observation the animals in group 2 (untreated) excreted a total of 845 02 y/g creatinine, in group 3 (methicillin) 1356-46 p/g creatinine, and in group 4 (penicillamine) 1195-21 y/g creatinine (table 1) . Statistical analysis of these results showed that the amount of mercury excreted in the urine of the animals treated with methicillin or penicillamine was significantly greater than in the untreated animals. Furthermore, the amount of mercury excreted by animals treated with methicillin was significantly greater than that excreted by those treated with penicillamine (table 2) . Discussion
The evaluation of the effect of methicillin and penicil-Evaluation of the chelating action of methicillin in prolonged experimental metallic mercury poisoning Table 2 Amount ofmercury excreted in the urine in animals treated with methicillin (group 3), penicillamine (4), and untreated (2) during two weeks after being exposed to mercury (data converted into u/g creatinine) The total amount of mercury in the animals treated with methicillin was, however, higher than in those treated with penicillamine. It is important to note that the amount of methicillin used, when converted to mM/kg body weight was half that of penicillamine (0-23 mM and 0-46 mM).
While the mechanism of the chelating action of methicillin is not known, the complexing activity of penicillamine has been known for a long time and this drug has had numerous clinical applications.710 1422 The clinical use of penicillamine, however, has also shown that this drug has many side effects when used for a long period.2 13 14 16 23 Methicillin appears to be free of side effects, with the exception of possible sensitisation. These experiments suggest that because of the great ability of methicillin to complex to mercury and to cause its elimination from the body this drug may be valuable in treating prolonged mercury poisoning.
